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Streptococcus thermophilus capable of metabolizing
galactose: mutagenesis and application in production of
fermented milk

HE Yanyan, TAI Jiahui, LU Wenhui, CUI Xinrui, DAN Tong*

Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Key Laboratory of Dairy Products
Processing, Ministry of Agriculture and Rural Affairs, Inner Mongolia Key Laboratory of Dairy Biotechnology and
Engineering, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China

Abstract: [Objective] Streptococcus thermophilus is widely used in the dairy industry as a
common starter for fermented dairy products such as yogurt and cheese. Most strains of S
thermophilus are galactose-negative (Gal ) and unable to metabolize galactose and excrete it
extracellularly, which results in an increase in the galactose content in fermented milk. S
thermophilus can be treated by chemical mutagenesis to metabolize galactose and then used to
develop the fermented milk products with low galactose content. [Methods] We used
nitrosoguanidine (NTG) to induce the mutation of S. thermophilus IMAU80846. Furthermore,
we measured the activities of B-galactosidase (-Gal), galactokinase (GalK), pyruvate kinase
(PK), and glucokinase (GK) in the wild-type and mutant strains of S thermophilus IMAU80846
and analyzed the amino acid sequences encoding these enzymes. S thermophilus IMAU80846Y
that could metabolize galactose was obtained. We performed whole genome sequencing of the
mutant strain and measured the content of lactic acid, lactose, galactose, and glucose in the
fermented milk products produced with the wild-type strain and the mutant strain. We then
compounded the wild-type strain and the mutant strain with Lactobacillus delbrueckii subsp.
bulgaricus IMAU20450, respectively, and characterized the two groups of fermented milk
products during fermentation and storage. Finally, we prepared a fermented milk product with
low galactose content. [Results] S. thermophiles IMAU80846Y had higher activities of B-Gal
and GalK and lower activities of PK and GK than the wild-type strain. The amino acid
sequences and whole genome sequences showed that the mutant strain had mutations in the
genes involved in carbohydrate metabolism. The HPLC results showed that the fermented milk
produced with the mutant strain had lower content of lactose and galactose and higher content
of lactic acid and glucose than that produced with the wild-type strain. Compared with the
compound group with the wild-type strain, the compound group with the mutant strain
improved the titration acidity, viable cell count, viscosity, and water holding capacity of
fermented milk. [Conclusion] The mutagenesis with NTG changed the ability of S. thermophilus
IMAUS80846 to metabolize galactose, and the mutant strain could be used to produce the
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fermented milk with low galactose content.
Keywords:
metabolism; fermented milk
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T A0 ] 7 i U . R FLBE L AR A LR
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1.2 EFEMEZRF

M17 5575 (g/L): KEEAN 5.0, 4152
EAN 2.5, BEAN 2.5, BEEEM 2.5, £ KW
B 5.0, FLHE 5.0, BREREE 0.25, L-HUIRIMAREM
0.5, B-HIMBEIR AN TKAY 19.0, 121 °CK
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HAE, RARAEMFH AL A RA L,
1.3 FEUEH

HL RO, BRI (AR A &
JEZEIRK A, TOMY AF]; HHVETRRE IR,
i 1EREER A R A F] ;. ZTIREERIL, 3£
B AR (EEE)YA R AW PCR L,
ThermoFisher Scientific A ) ; EARAH 154,
Agilent Technologies 2375 = [ETHL, HigH
R RRA A EdEs.ol, Eppendorf 4] .
14 EHEKL

DL 2% R T —80 ORI Y Mg HA B Bk
i IMAUS0846 H:FhT M17 MiRKE IR I,
42 °CFEIGSR 24 h, ESALAHESE 3k, i
BRIE 7135 3 d5 i o
1.5 EHKIFE
1.5.1 NTG Bi&rIE

HERIFREL NTG 50 mg, %08 NTG:HNHi=
10 mg:1 mL AN B UET 7% f# , 75 3] 10 mg/mL
1) NTG P9 Bl 5 W

AR NTG RS # 1 mL, DA NTG A i
RICWERR 2 vP =1 mL:9 mL /il A 0.1 mol/mL
pH 6.0 I JCRBEIRZZ vt , 1175 1 mg/mL NTG
B
1.52 NTG iFZ

DL 2% 42 Fh 54 mg SR EE BR TR IMAU80846 4
F:# 500 mL, 42 °Cifr 3% 2 BUH AR,
4°C. 4000xg &.0> 5 min WEEF VR, I/ PBS
GEOhE VR 2 6, FRECEEYE 1 g iTA 9 mL PBS
ZZ PR HIAY 0.1 g/mL TR, ISR 6 o
WA 17 1) NTG BEBUIMA BB R b, i H
43R 0.100.300.500,700.,900 pg/mL .
BERE S THRIK T, 42 °C. 100 r/min #EEHE I
60 min, Ffi)5#i ] PBS ZvhiEvE 2 |, A
5 mL M17 JARKEFRIE 42 °CEfrE % 2 h, RH
FEEERRBRATEL, RSO R (AR 1), ®HE

FEZER 80%—90% 1 A=k VK T~ M17 2 ZL B [ 485
TR T PARRIZ, PR 40 MEEK/NA—1Y
HRVE, HTIESHAE .
L AR P4 — A AR B
st S T 7 B

1.6 MEABETRE IMAUSOS46 K 3 Tr#k
ODy00 Ml TE

W IEPEEER T IMAUS0846 5 1.4.2 Hhaklit
[ 40 RASR N L 2% IR 2R F M17 Al
M17 - FURER AR SRS, 42 CCREBE KSR 24 h,
HELRAGA 3 AHIE TR B, W ODgooo
1.7 FEHSEDKE IMAUS0846 K 2 Tk E 1t
M ZE

WS B ER B IMAUS0846 5 9848 bk 14 4
fEARRE SR 3 IRJE 4 °C. 4 000xg B.0> S min, Ff
il PBS ZuhikiEvE 2 |, WHERR, R
B-Gal, PK. GalK HI GK i M6 3 77 A A il
itk B-Gal, PK. GalK Fl GK {4,
1.8 FEHGEIKE IMAUS0S46 RETHheH
& F5 5 #r

WS EEER T IMAUS0846 2 58 A8 k9 15
% 40 mL 3T 42 °CH; 35, 2485 ODgoo 15 F
0.4-0.6 5}, 4 °C . 4 000xg B> 5 min WHEFETE,
FH PBS B P iE e 2 5, HIREMFE % E
IR AR E PR B A R A m AT 2 S
2 5347
1.9 FEHSEIKE IMAUS0846 N =T HkrhFn
H 2L BB R BB R R EES 7 51 EL X 43 4
1.9.1 DNA £E

W WP AR S R AR MR LR 2 R,
4°C, 4000xg &[> 5 min, 35 PBS 2% ik i
Ve2ak, WHERVE, Fi RN L R 4] DNA $2HC
R & B 1T DNA $2 5.
1.9.2 PCR ¥ i¥

HRAE NCBI A LA 1 W $AE BR TR 42 3 [H
AP 1), LUEFA bR A 528 bk

ECE S

x100% (1)
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Table 1 The primers used in this study

Primer Primer sequence (5'—3") Product
name size (bp)
lacZ1F CTATTATGGATACGGTGC 200
lacZIR ATGCTTTATTAAGTGCGG

galK3 CCGGAAGGACGTTACCTC 386
galR1 CCGATGTCTAGTATCCTC

pyk3F CATGGTAACCACGCTGAG 842
pyk4R AGCATTGTCGCATCAGTA

glcK4F TCGGTGGTGGTGTTTCTG 641
glcK4R GAGGCATTGTCCCTTCAT

PEHUT) DNA St , FIH PCR Xt ik H Ay
A9 44 . PCR AR ZR (50 pL): 10xPCR
buffer 5 uL, dNTPs (2.5 mmol/L)4 uL, k. T
W51 (10 umol/L)4 1.5 pL, EasyTaq DNA
Polymerase (5 U/uL) 0.5 pL, DNA f# 2 pL,
JCH ddH,0 35.5 uL, PCR W 4%/ 94 °CHiAs
£ 5 min; 94 °CZ%1E 1 min, 55 °CiE“K 1 min,
72 °CHEfi 1 min, 30 MEHR; 72 °CILEAH 10 min,

HR A E I FL Uk %8 28 PCR &5 %, k4457 A
5 HP— PCR F=¥)i% 2 IR E YR A
BRASEIHEA TN, FFEXI P2 SR T X 534 o
1.10 FEAEIRE IMAUS0846 2T Hk By i
RIREES

W 00k H A R AR DL 2% Rl LR RN T M17
WARKE SR, 42 CCHVE G SR 24 h, EZLAR
10 %, W5 SCHE K p-Gal, GalK. GK Fl PK
.
.11 AZEFAIHI&F

ZEIBKINIAZE 50 °C, I A 2R FLF (11.5%)
PEAT PR PRV ff T ZLR IR A B 51 )5 I A E b
(0.1%), 65 °C/K4r 30 min. BEJG ¥4 R85 5 HLE
112 IR¥JF(65 °C, fikHE 15 MPa, =& 35 MPa).
95 °CA B 5 min J5 i R H 2 4 °CRFH .

PRI AL I P S ER T IMAUB0846 2 %%
AFRRLL 5%107 CFU/mL R E /0 T2 ig 7l
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42 °CEE SR, /rMTEREFR 0. 3. 6 h KV
0. 1. 3. 7. 14 dBBUREERN
1.12 F#E. FFHE. GFEAIBREEN
M ZE

K HPLC il W HAEE BRI IMAU80846
T GEARMRAE e T B J A a0 it v UM L 2R 3L
WL D S LR B, RIS A 3 4
=T oAl B G T
1.12.1 PEHBEIKE IMAUS0846 K KTk %
A PESERNE

FEGRTTALEE . WERRAR I R BERLAESL 1 g T
25 mL A, A 20 mL #4liK, 3% 30s
JGEZS, #7530 min, 8 000xg &5.0> 10 min J&
BRI, i 0.45 pm RUFLIEME IE)S & T
R AR

HPLC {48 ik BiEHh Aglient Z 34T
(5 um, 250 mmx4.6 mm), FEE 35 °C; Kpl#e
SRR ZERTIES , R IER R 35 °C; WA &
S Al K IR AW, H IR 70:30,
# 1 mL/min; #EFEEA 10 pl,
1.12.2 BEHGETRE IMAUS0846 K R Itk & B
AR A E BHNE

FEARTALEE . WA PR R AL 0.5 ¢ F
10 mL 78, IIAREE 0.1 mol/L HYBR RS
W 8 mL, #i&% 30 s J5EZ, 8000xg &> 10 min
JE BB, A 0.45 pm fALIERGE RS B
FRE S A AR

HPLC {4 . Ai%H A Zorbax SB-Aq
% FE (5 um, 4.6 mmx150 mm), IR 35 °C; ¥
D25 R L A DN2 , RSP 210 nm;  JiE sl AH
S HEE S 0.01 mol/L BERRELZ% m il (pH 2.0), 14
FUI 3:97, i 0.5 mL/min; #EAEEN 10 pL.
1.13  AE4FES

W g PEEER T IMAUS0846 K 58250k A43 31 5
T FCFUAF R AR I A SIS IMAU20450 LA 1:1 He il
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P TR O & A ERL, #ERPEh 5%107 CFU/ML,
N V9 2 e T 2L ) R AR o
1.13.1 pHMNE

il FH pH T & B ZLAE S 9 pH{EL
1.13.2 HERE

FREL S g KR EEFLFESL T 150 mL 4B,
T 40 mL ZE4BK A 3 I EK, FMRAIA,
FH1 0.1 mol/L NaOH F5 MEV Wi 2 2 14l (4 H 7R
30 s NANRREEL, O SR IHAE NaOH Fr v i i 14
L, TR (AR 2)lE 25 58 .

X = cxV x100 2)
mx0.1

A XOMEER IR, ¢ oF NaOH A5 HER Y
VIR R, V O E BHHFE NaOH ARifEis
WAIRTR, moARES A BTaE, 0.1 MRS &
X NaOH By ot i) s Wk BE
1.13.3 FERNE

et 86 B 00 R e P L R B
1.13.4  FK B E

HERRAR I 15 g K TERLAES, BIATCA IE4R
P+ TP CE 2 h, FREDIEWT R, THERK T
(AH3),

K 1 (%)=1-

VTR A
PESL TR
1.13.5 EERHEHENE

K IR FE R BRI A TS A £k, B 500 pL &
MEFLAE S T A B K, SR 395), AT
FERERR RS, SR MI17 A 38 56 E AT 7
42 °CFrE R FF 48 h e H - V& B0
1.14 Hit59H

AR Excel 2016, SPSS19.0 R4k
REFE s SR Origin 2019 #EA7 B =2,

2 HZRE5OM

2.1 NTGREBWHE
i A R de BE NTG  A4b B g 30 5% Bk

x100 3)

IMAUB0846 J& , BULRNEK 2 iR, W& NTG
WRERYIE NN, WRBIL R BT, 2 NTG &
WS R 700 ug/mL B, B REESE R 15 5 88.72%.
P H 3, 2l R Ak 2% 35 A 590 X B vk E AT A AR
I, BOEHTE 80%—90%I , 1F 5848 A5 g 15
KL, #EHC 700 pg/mL B9 NTG Ab 3 0E HEE BR TR
IMAUB0846 , F4b 3 J5 1) T B WK 7E M17 - FLbE
A FRIZE, 42 °CHEFE 48 h J, FREL 40 4K/
AR, BEESERWHAEE, Falbrich
IMAUS0846-1-IMAU80846-40 .,
2.2 MEMEEIKE IMAUS0846 X K T #k
ODgo0 B E

R A% BR T IMAUS0846 Fll 2.1 51 %k H Y
40 BEZRASKETE M17 il M17 ~FFUMiE 3 L b 8
F% 24 h W) ODgo WKl 1 Frw, RAZHE
IMAU80846-1, IMAU80846-10, IMAU80846-13
IMAUS80846-15 . IMAU80846-18 , IMAU80846-21 .
IMAU80846-34 Fl IMAU80846-39 7E M17 5
M17 PFUBERT IR B Y ODeoo i T8 AE k15 H:
MR RE, AR ORI, X LRI T
T2

F* 2 NTG FLAEREHRIETKE IMAUS0846 HY
Table 2 The lethality of NTG mutagenesis in the
treatment of Sreptococcus thermophilus
IMAUS80846

Concentration of Viable cell counts Lethality
NTG (ug/mL) (CFU/mL) (%)

0 (4.61+0.14)x10° 0°

100 (2.77+0.17)x10° 39.91°
300 (1.85£0.11)x10° 59.87¢
500 (1.63+0.13)x10° 64.64°
700 (0.52+0.04)x10° 88.72¢
900 (0.070.01)x10° 98.48°

The lowercase letters in the table indicate the significance of

the difference in lethality at different concentrations

(P<0.05).
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ODg¢po of Sreptococcus thermophilus IMAU80846 and mutant strains cultured in M17 and

galactose M17 medium for 24 h. A, B, C, and D indicates the difference of ODg in Sreptococcus

thermophilus IMAU80846 and different mutant strains.
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A 2L BB 48 SS Bl Y TR TR N 45
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ﬂc/ﬁri, A Ak LB T AT 2R 2 LB
GalK 7eFZURAC ol i b D-2F FLIE A= ik
FUBE-1-BEARU 7. PR W I ol i o A PR ok il
Z—, A A R s I X TN T R 4 e RE R IR
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FEW 525 ADP, MR R ATP, 5 W AR 24
WA . TEFLRERL B-Gal 23 #5 a HE )
GK ] i Ll T8 Ay 4 2 R - 6~ Tl 2 3 50 0 1 fe

— R, SR HEEBR TR IMAU80846 A L,
M PEE R IMAUS0846-13 1Y B-Gal 15 132 &
81.26%, GalK JfiPE# R 33.86%, PK 5 GK i
PE R % 80.00% ., 23.21%, KL 5 g P BR 1A
IMAURB0846-13 #17 T~ — i, I Hiar 4
7 IMAUS0846Y .
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Figure 2 Comparison of Sreptococcus thermophilus IMAU80846 and mutant strains f-Gal (A), GalK (B),
GK (C), PK (D) enzyme activity. Different lowercase letters indicate significant differences (P<0.05). The

same below.

2.4 MEMGEIKE IMAUS0846 RETHe
EFAFIILERER

DI HEERRE IMAUS0846 &%, fii ]
llumina NovaSeq il J7* - 5 X 5 748 kg FAik Bk
# IMAUB0846Y 4> 5L [K 7 41 i 4T Fu T, 45 51 4n
Kl 3 Fis o XM P IR EE A 422.16%, Q20 Fl Q30
I3 R 98.94%F0 96.75%, %% 53 F Y contig
FI Scaffolds ¥t H 435k 157 Al 141, 8748tk 4

LA R 99.58%, Hh& L 140 A%
TR 2 A PEAL 5 (single nucleotide polymorphisms,
SNP)ZEAE , Hir L [K [a] 12wt X SNP &4 4 4
76 A (ELHE 32 N [A] SLEAE 41 AR Uo7,
1 M FBORGL LT SNP, 2 M REER
AL T SNP) .o 187 A SRR AL 5 (InDel Y6
S5 IR R W IS HReAh AR B Bear A 3 A

44~
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3 MERGETRE IMAUSOS46Y & F I 5 E it

UCUEES

Figure 3  Genetic variant mapping of Sreptococcus thermophilus IMAU80846Y. The outermost circle is the
position coordinates of the reference sequence, from the outside to the inside, which are the gene location on
the reference genome, the G+C content of the reference genome, the sequencing depth of the sample, the SNP
number distribution of the sample, the InDel distribution of the sample, and the G+C skew of the reference

genome.

KEGG 1 GO {ERE R WK 4. # 5 s,
SNP 2748 JE P KEGG [T B4 KW, AR K
A 3 RS ARAROC AR, A3 G
R ZERAS . woks YA
7% . SNP I InDel 728 FE7E GO Bt
Ay TERR A 18 AN 2 A4S S AR AR A 56 3 [
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2.5 FEMSETKE IMAUS0S46 XX Tikh 5
2 PR B REE R REER F Y b3 S 4R
SEHEEER T IMAUS0846 & IMAUS0846Y
Hh R ZUE AT A G Bl 0 5 PR A 0 e, I
PN R IR F o, 45 R W E 6 s o B-Gal
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Figure 4 SNP mutant gene KEGG annotation of Streptococcus thermophilus IMAU80846Y.
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Figure 5 SNP (A) and InDel (B) mutant gene GO annotation of Sreptococcus thermophilus IMAUS80846Y.
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Figure 6 Comparison results of amino acid codons of B-Gal and GalK in Streptococcus thermophilus

IMAU80846 and IMAUR0846Y.
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F14.89 /100 g %2 2.79¢/100 g F12.12 g/100 g
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B 42.47%F MBS, 8B R R IEFL A 56.65%
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T i B A R TR RN SR P () %) B A G, A
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Figure 7 Changes in the activity of Sreptococcus thermophilus IMAU80846Y in each generation of B-Gal
(A), GK (B), GalK (C) and PK (D) when they were subcultured in M17 medium for 10 consecutive
generations.
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Table 3 Lactose, galactose, glucose and lactic acid content in fermented milk of Sreptococcus thermophilus

IMAU80846 and mutant strains

Time Lactose (g/100 g) Galactose (g/100 g) Glucose (g/100 g) Lactic acid (g/100 g)
IMAUS0846 IMAUS0846Y IMAUS0846 IMAU80846Y IMAU80846 IMAUB0846Y IMAU80846 IMAUS0846Y

Oh 4.85+0.015b  4.89+0.017a 0.18£0.001a 0.16+0.001b  0.12+£0.002b 0.24+0.003a  — -

3h 4.40+0.013a  4.174£0.012b 0.36+£0.002b 0.39+0.002a 0.26+0.004b  0.40+0.006a  0.44+0.006b 0.49+0.008a

6h 3.43+£0.010a  3.24+0.009b 0.41+£0.003b 0.46+0.004a 0.24+0.003b 0.48+0.007a  0.58+0.010b 0.64+0.013a

0d 3.23£0.009a  2.78+0.007b  0.46+0.007a 0.45+0.006b  — 0.55+0.009 0.71£0.013b 0.75+0.016a
1d 3.03+£0.008a  2.54+0.006b  0.47+0.007a 0.40+0.005b  — 0.53+0.008 0.78+0.015b 0.83+0.017a
3d 2.88+0.008a  2.32+0.005b  0.49+0.009a 0.37+0.003b  — - 0.80+0.016b 0.86+0.018a
7d 2.80+0.007a  2.29+0.005b  0.50+0.010a 0.36+0.003b  — - 0.81£0.017b 0.88+0.020a
14d  2.79+£0.007a 2.12+0.003b  0.51£0.120a 0.27+0.002b  — - 0.82+0.019b 0.90+0.023a

— indicates undetected; Lowercase letters indicate the significance of differences of the same substance at the same time
(P<0.05).
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g HCBE BRI G A B % 7 3% 12 (Embden-
Meyerhof-Paras pathway, EMP)¥H & [ A 74 i
PR , P9 R R 38 1 FL IR At U i (1actate dehydrogenase,
LDH)#% Ak A LB mg i Bk ] IMAUB0846
LA MR R T FLIITE R e 3 h ARG B FLAR
V3T 14 d JErgHEEBRE IMAUS0846 K lEFLH FL
MR o1 AR Y 0.44 /100 g 14113 0.82 g/100 g,
RASRR R BEFL I 0.49 /100 g 1413 0.90 /100 g,
5 W AR MR AH b 5 AR bR R T FL  FLIR &
9.76%. Ui S5EFAERRA L, ZEAERRBEAR A i
CIEANEN 8
2.8 ABIAABEFHES
2.8.1 %£ES5IEHAE pH &iEEEREMTL

MEPEEER B IMAUS0846 K 28 75 b 15 4 [X
FUAF AR I AT A IMAU20450 & Bic 78431,
KRR ] pH (B 0 R AR TR 15 1l
mE 8 frn. fEREEFEY, KEEFL pH EHIW
b B AR S B RPY . KB 6 h iR
WA LT pH PR 4.73, ARG R
M2 4.59, ABEMERAN pH (HEEF KRS

J.v Ju
‘/i// x‘ 20
45 *
1
0 2 4 6 10
t/h

BCZHAH FLBEAIR 0.14. K 14 d J5 87 A bR 2 Bic 4l
pH K 4.09, ZRAEMRE R K 4.05, K FIE —
HHE BRI, BER T A SE K i e B
GEHTHA I, WL O d BB A iR A2 T A R R By
74 °T, RAFKREBH N 76 °T, 14 d BHEFARRE
BLZH R 91 °T, RAFMREBCLL N 100 °T,
282 AEBEMEEEFENTK

R WEFLEN B ) AR Ak 2 TR Oy LR T A6 R it
PR R pH (E TR, TERBIREHE 155
LS I BLDTTE , O3 — 7 R B T B 3 PR 7E
KW AR AR T 2, R L A Al
Y KW 2 h i, REHBEERTE IMAUS0846 M
AR TR CFLFF I FDEEFD IMAU20450
AL R LB AL A, 4-6 h I Bl E
PRETE R, kAR EMZ B, Rl
4 h 5 6 h IFEFA PRI O A A LG BE 43 )
241.6 mPa-s 1 655.2 mPa-s, 2728 bk & Bic 2 & 1%
F. M 316.9 mPa-s 1 793.4 mPa-s, 7K 0-3 d
AR MR RO BE B 42 B FE, i 758.9 mPas
HOMZ 1 592 mPa-s, 3 dJEBHEIFMA FRE, 14 d

75

| | 1 70

8 REEAFMIE®B)HYEFEMRERASRENRERALE pH FFEERENTLIFR
Figure 8 Changes in pH and titration acidity of fermented milk in the compound group with the wild-type
strain and the compound group with the mutant strain during fermentation (A) and storage (B).
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BFE % 1 467 mPa-s, 2875 #k & Tl 4 78 I ik
0-7 d BHFZE EFF, H 929 mPas =
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Rk 1z, K2, 4. 6 h AP EFA MR BC

OF | ! ! !
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R TEAFEKF13 3R 42.6% ., 45.2%. 48.1%,

RAMRE AR EFFTK TN 43.5% . 46.1%.

48.7% (F 10A). WL 0. 1. 3 d WHEFAERE D
HRBEAFK 135K 50.4%., 54.3%. 56.2%,

7d514 dFFFE % 55.7% . 53.8%, RAFMRE B4l
RBEFLAEN W 0—7 d WHRK Sy fgesin,
51.2%MMZE 57.6%, Wk 7 d 5K TRz,

1E 14 d BFE R 56.4%, AR Be 5K 1
TR MR B (A 10B) . LAY 28 Ak a3
FhE AR L (E ) A KB

(-
01 3 7 14

B9 AZBAFIEBGHEFEMERASREKRERBLEARENTHIER
Figure 9 Changes in viscosity of fermented milk in the compound group with the wild-type strain and the
compound group with the mutant strain during fermentation (A) and storage (B).
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Figure 10 Changes in water holding capacity of fermented milk of the compound group with the wild-type
strain and the compound group with the mutant strain during fermentation (A) and storage (B).
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284 AEBESIEAEFEEHATL
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Changes in the viable cell counts of fermented milk of the compound group with the wild-type

strain and the compound group with the mutant strain during fermentation (A) and storage (B).
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Figure 12 Pathways of sugar metabolism in Sreptococcus thermophilus. Arrow indicates a reaction,
multiple enzymatic processes are shown by dashed arrows, double-headed arrow indicates a bidirectional

reaction.
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